Using a chemically defined medium containing hydrocortisone, insulin, transferrin, 17/3-estradiol and selenium, with or without serum supplementation (2.5% v/v), continuous cell lines can be established from 72% of all fresh biopsy specimens of small cell lung cancer (SCLC) containing tumor cells. No differences were observed in the rate of establishing cell lines from newly diag nosed untreated patients, or from patients who have relapsed from prior therapy, or from a variety of different organ sites. Biochemical characterization of 50 SCLC cell lines for the expres sion of L-dopa decarboxylase; bombesin-like Â¡mmunoreactivity; neuron-specific enolase, and the brain isozyme of creatine kinase, revealed that SCLC cell lines can be subdivided into two distinct classes: classic SCLC cell lines (35 lines), which express elevated levels of all four biomarkers; and variant SCLC cell lines (15 lines) which have undetectable levels of L-dopacarboxylase and bombesin-like immunoreactivity, but continue to express neuron-specific enolase and the brain isozyme of creatine kinase. The presence of the latter two markers distinguishes variant lines fron non-SCLC cell lines. In addition, four distinct classes were identified morphologically. The biomedicai differences among established SCLC cell lines may account for the differ ences in response rates to cytotoxic therapy observed in newly diagnosed SCLC patients. A prospective study of biomarker characterization of SCLC tumors will determine if clinical differ ences exist between classic and variant SCLC tumors.
INTRODUCTION
SCLC3 accounts for 25% of all new cases of primary lung cancer. Although objective remissions can be achieved in 90% of cases treated with intense cytotoxic therapy, only 40% gain a "complete clinical remission," and less than 10% of patients will achieve long-term disease-free survival and potential cure (1, 2) . While host factors (such as general physiological status) play a role in responses, it is reasonable to test the hypothesis that 1The opinions or assertions contained herein are the private views of the authors and are not to be construed as official or as reflecting the views of the Department of the Navy or the Department of Defense.
2To whom requests for reprints should be addressed, at Mater Miscericordiae Hospital, Eccles St., Dublin 7, Ireland. 3The abbreviations used are: SCLC, small cell lung cancer; DDC, L-dopa decarboxylase; BLI, bombesin-like immunoreactivity; NSE, neuron-specific enolase; CK-BB, creatine kinase brain isozyme; DCG, dense-core granules; SSM, serumsupplemented medium; APUD, amine precursor uptake and decarboxylation; GIBCO, Grand Island Biological Co., Grand Island, NY; FBS, fetal bovine serum; EM, electron microscopy; HITES, RPMI 1640 supplemented with hydrocortisone (IO"8 M), insulin (5.0^g/ml), transferrin (10 ng/m\), 170-estradiol (10~8 M), and sodium selenite (3 x 10~8 M).
Received 9/24/84; revised 2/7/85; accepted 2/13/85. these differences in therapeutic responses depend on properties inherent in the tumor cells themselves. These differences could represent expression of drug or radiation resistance genes, or genes coding for more malignant behavior, such as the cellular oncogenes. In order to systematically evaluate tumors from individual patients exhibiting different clinical courses, it would be of great help to reproducibly grow tumor cells in vitro from potentially all SCLC patients.
We and others have reported on the establishment of contin uous tissue culture cell lines of SCLC (3) (4) (5) (6) (7) (8) (9) . Initially using nonselective culture conditions (RPMI 1640 supplemented with 10 to 20% heat-inactivated fetal bovine serum), cell lines could be established from 10% of clinical specimens containing large quantities of tumor cells. In addition, cell lines were more readily established from heavily pretreated patients who had relapsed from initial therapy, suggesting that culture conditions supported only the growth of the more "aggressive" population of SCLC cells. Next we found that the use of a serum-free, chemically defined medium (HITES) resulted in the initial selective isolation and growth of SCLC tumor cells compared to normal cells from patient biopsy specimens (10, 11) . In these initial studies it appeared that the serum-free hormone-supplemented medium was superior to SSM in the initial growth of tumor cells from clinical specimens (10) .
Following these observations, a new approach using both serum-free and SSM was developed to establish continuous cell lines from patients with SCLC. Using these techniques, we wanted to study prospectively our ability to establish cell lines from all tumor-containing specimens. In addition, we and others have reported on a panel of markers which characterize SCLC including DDC, NSE, CK-BB, and the peptide hormone bombesin or its mammalian homologue gastrin-releasing peptide (BLI) (5, (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Thus, it was important both to assay for the expression of these markers in a large panel of SCLC lines, and to compare the expression of markers within individual lines to each other and to cell lines of non-SCLC. In this publication we report on the growth and detailed biological characterization of 50 inde pendent continuous SCLC tumor cell lines established from SCLC patients over a 7-year period (1977 to 1984) , and the results of a prospective study (1982 to 1984) , using defined growth media.
The results of these studies show: (a) with improved and better-defined culture conditions, SCLC cell lines can now be established from 70% of all tumor-containing specimens, with no differences in success rate among specimens obtained from newly diagnosed untreated or previously treated patients. In addition, cell lines can be readily established from a wide range of metastatic sites, (b) We confirm that the biochemical markers of SCLC cell lines can clearly distinguish SCLC lung cancer from non-SCLC and other human tumor cell lines, (c) Finally, we observed that the biochemical markers allow SCLC cell lines to be subgrouped into 2 major classes; classic SCLC cell lines which express elevated levels of all 4 biomarkers evaluated, and variant SCLC cell lines which fail to express one or more of the APUD markers evaluated (DDC and/or BLI), but continue to express elevated levels of NSE and CK-BB. In addition 4 mor phological classes of SCLC cell lines were found. The variant SCLC cells may represent a clinically important subset of SCLC.
MATERIALS AND METHODS
Clinical Specimens. Specimens for culture were obtained from pa tients with a confirmed histological diagnosis of SCLC at the time patients were undergoing approved protocol-staging procedures and included bone marrow aspirates and biopsies, lymph node aspirate and biopsies, pleural effusions, and surgically resected tumor masses.
Specimen Collection and Preparation. The procedures for collecting and processing specimens for culture were as previously described (5, 10, 23, 24) . Bone marrow aspirate specimens were collected in syringes containing preservative-free heparin, and were then resuspended in RPMI-1640 (GIBCO). Mononuclear cells were then collected by FicollHypaque centrifugation and washed twice in culture medium. Lymph node aspirates and other solid tumor specimens obtained immediately after surgery were mechanically dissociated under aseptic conditions. Cell suspensions of these were obtained by mincing, passing through a 60-gauge steel mesh, and by pipeting in culture medium. Pleural effusions were collected in sterile heparinized vacuum bottles, and the cells were collected by centrifugation. Biopsy specimens and effusions that con tained an excess of debris or nonviable cells were clarified by FicollHypaque centrifugation. After washing in phosphate-buffered saline, cells (1 x 106/ml) were resuspended in culture medium. The viability of the cell preparations, as determined by trypan blue exclusion, ranged from 20 to 95%, with the lowest viability in the solid tumor specimens (usually less than 50%), and the highest in bone marrow specimens (>90%).
Culture of Cell Lines. The vast majority of cell lines (NCI series) used in this study were established in the laboratories of D. N. Carney or A. F. Gazdar. In our initial attempts to establish SCLC cell lines, specimens were plated in RPM11640 (GIBCO) supplemented with 10 to 20% heatinactivated fetal bovine serum (FBS) (GIBCO). Using these media, cell lines were only established from a minority of specimens received (5) .
However, in a preliminary study of 14 fresh tumor specimens, we demonstrated that growth of SCLC cells in a chemically defined serumfree medium (HITES) was superior to growth in non-hormone-supple mented medium containing serum (10) . In addition, cloning studies in soft agarose (23, 24) , using established SCLC cell lines, revealed that the colony-forming efficiency in HITES plus 2.5% FBS was equal to or superior to that observed in SSM alone. 4 Thus, in a prospective study from January 1982, all specimens were cultured in both HITES medium and HITES medium supplemented with 2.5% FBS (serum-supplemented HITES; SS-HITES). All factors in the HITES and SS-HITES media were obtained from Sigma Chemical Co., St. Louis, MO. Stock solutions of these factors were prepared at concentration 100 to 2500 times the final concentration and stored at -20Â°C until use (10, 11) . Antibiotics were not routinely used.
For culture, approximately 1 x 106 viable cells seeded into 25-sq cm flasks containing 7.0 ml of either (a) HITES medium, or (b) SS-HITES.
Cells were then incubated in a humidified atmosphere of 5% CO2:95% air at 37Â°C.
Following plating of cells in culture medium, flasks were examined twice weekly to determine both the presence and rate of tumor cell proliferation, as the SCLC cells are easily recognized in early cultures. 4 Unpublished observation.
The outgrowth of SCLC tumor cells was usually detected in tumorpositive specimens within 3 to 5 days of culture. The subsequent handling and passaging of the tumor cells was determined in part by the density of the tumor cell population in the culture flasks, and by the culture media in which maximum proliferation and outgrowth of tumor cells was initially observed (HITES versus SS-HITES).
Of great importance, all fresh specimens and early-passage cultures (during the first 3 to 6 months of culture) were maintained at a heavy cell density (5 x 105 ml), and were routinely passaged (1:2 to 1:3 split) when such a density was reached, or when tumor cell viability within flasks appeared to decrease. At passage, cells were fed with 50% conditioned medium from the flasks in which cells had been growing. If the initial growth of tumor cells was superior in one culture condition compared to the other, all aliquota of the specimen were subsequently maintained in that culture medium. After 3 to 6 months the continued growth and ability to passage the cells at a lower density indicated the cell lines were "established."
Thereafter, the cell lines could be maintained in 75-sq cm flasks. Cell lines isolated in SS-HITES, once established, could be routinely main tained in RPMI 1640 plus 10% FBS. However, for most cell lines established in HITES medium, and which had demonstrated poor or no growth in SS-HITES, the addition of serum was usually associated with either cessation of growth or a decreased growth rate. Thus, these lines were maintained indefinitely in HITES medium.
The nature of culture cells was determined by gross morphological appearance in vitro, cytology examination, and nude mouse tumorigenicity (25) , and by analysis of cell pellets for DDC, BLI, NSE, and CK-BB, using previously described assays (5, 12, (16) (17) (18) . For comparative purposes, the expression of these 4 biomarkers was also evaluated in a panel of other types of lung cancer cell lines, and non-lung cancer lines.
Specimens for biomarker determinations were collected when cells were in log-phase growth, 2 days following a medium change.
RESULTS
Since 1977, 50 independent continuous cell lines have been established from 45 patients with a confirmed histological diag nosis of SCLC. From a total of 400 specimens obtained from SCLC patients, 280 were cytopathologically negative for tumor cells, including 250 bone marrow aspirates and 30 pleural effu sions. When these cytopathological-negative specimens were plated in either SSM or serum-free HITES medium without added growth factors to support differentiated marrow cell proliferation, no growth of tumor cells was observed. In SSM, growth of adherent stromal cells was frequently observed, whereas in HITES medium, death and lysis of all cells was usual by 7 to 10 days after plating (10) .
Visible tumor cells were present in 120 specimens (30% of total specimens). The fraction of tumor cells in each specimen, as determined by cytology examination of the specimen proc essed for culture, ranged from specimens composed predomi nantly of tumor cells (usually lymph node aspirates or biopsies) to those in which only rare clumps of tumor cells could be found. From these 120 tumor-positive specimens, 50 continuous SCLC cell lines were established. Although the overall success rate for the establishment of continuous SCLC cell lines was 42% (50 of 120) (1977 to 1984), for the 24-month period commencing Jan uary 1982, when culture conditions were optimized, and when both HITES serum-free defined medium, and SS-HITES medium were used to culture all fresh specimens, cell lines were suc cessfully established from 72% (31 of 43) of all clinical tumorcontaining specimens received.
Culture 28 were established in SSM; 12 cell lines were established in serum-free HITES medium alone; and 10 specimens were estab lished as continuous cell lines in both media. Since January 1982, when growth conditions were optimized, 31 cell lines were established from 43 specimens containing tumor cells (Table 1) . Of these 31 lines, 12 were established only in HITES, 9 were established in SS-HITES, and 10 were established in both media in parallel. Thus, of these 31 lines, 22 were successfully estab lished as continuous cell lines direct from patient biopsy speci mens in serum-free chemically defined medium. However, as some cell lines could not be established without serum supple mentation, it is clear that further growth factor(s) addition to HITES is required if all fresh SCLC specimens can be cultured in serum-free defined media.
The use of the improved growth media to support the growth of tumor cell lines from treated and untreated patients, and from a variety of different organ sites, is indicated in Table 2 . With these media, cell lines were successfully established from 72% of tumor-containing specimens, and with equal efficiency from a variety of different sites, including bone marrow, pleural effusions lymph nodes, and other sites. No cell lines were established from specimens pathologically and cytologically negative for SCLC tumor cells (Table 2 ). In addition, lines were established with equal efficiency from both treated and untreated patients ( Table  3) .
Origin of the 50 SCLC Tumor Cell Lines. Forty-one cell lines
were established directly from patient biopsy material, and 9 cell Table 1 Prospective study (1982 to 1984) lines from nude mouse xenografts of patients tumors (Table 2) . Thirteen cell lines were established from females and the remain der from males. Cell lines were established from newly diag nosed, previously untreated patients (19 cell lines), and from heavily pretreated patients who had relapsed from prior therapy (31 cell lines). The cell lines were established from a variety of different organ sites, including bone marrow aspirates (14 cell lines), pleural effusion (14 lines), lymph node aspirates and biop sies (10 lines), lung biopsies (6 lines), s.c. nodules (3 lines), and one cell line each from a brain, adrenal, and liver mÃ©tastasesof SCLC. All lines have been maintained in continuous culture for periods ranging from 6 to 74+ months, have been successfully cryopreserved, and are free of Mycoplasma contamination (Mi crobiological Associates, Bethesda, MD). All 40 cell lines tested are of human origin as determined by isozyme analysis and/or cytogenetic studies (5, 26, 27) .
Properties of Established SCLC Cell Lines. Although some cell lines have been established in SSM and others in HITES medium, we have observed no significant differences, morpho logically or biochemically, among lines established either in dif ferent media, including cell lines cultured in parallel in both SSM and HITES. Thus, in the remainder of this paper the culture appearances and biochemical data presented will be on the 38 lines established and maintained in SSM, and those 12 cell lines which could only be established and continuously maintained in serum-free HITES medium.
Culture Appearances of Cell Lines. The culture appearance of the established cell lines as determined by phase contrast microscopy, demonstrated considerable heterogeneity (Fig. 1) .
Based on their appearance, the lines could be subgrouped into 4 major categories, which we call types 1, 2, 3, and 4. Type 1 lines grew as tightly packed spherical aggregates of floating cells, which frequently demonstrated areas of central necrosis in the larger spheroids. Type 2 lines grew as relatively densely packed floating aggregates, amorphous and irregular in outline, and lacking central necrosis. Type 3 lines grew as very loosely adherent floating aggregates growing in small clumps and inter twined cords. Central necrosis was absent in these lines. Type 4 lines grew attached to substrate. These cells consisted of large overlapping polygonal cells lacking the epithelioid appear ance of adherent non-SCLC lung cancer cultures (Fig. 2) . The frequency of the different types of cell lines was: type 1 (20 lines, 40%); type 2 (17 lines, 34%); type 3 (9 lines, 18%); and type 4 (3 lines, 6%). One cell line, NCI-H446, grew as a mixed floatingattached cell culture (types 2 and 4, Fig. 2A ). The characteristics of SCLC cell lines are distinctly different from those of non-SCLC cell lines (Fig. 2B) .
Cytospin Dense core granules, occurring either as clusters, (Fig. 3A) , or singly (Fig. 36) were observed in 21 of 25 cell lines. None were evident in the remaining 4 cell lines studied (Fig. 3C) .
Biochemical Characterization of SCLC Cell Lines. DDC expression was evaluated in cell pellets of all 50 cell lines. Elevated levels (>1.0 unit/mg soluble protein) were observed in 35 lines (70%) (mean DDC for all lines, 139 Â±26 (SE); range, <0.1 to 646 units/mg cellular protein). Of interest is the obser vation of elevated levels of DDC in all cell lines which demon strated clusters of DCG by EM examination, and undetectable levels in those 4 lines in which DCG were not evident on EM ( CK-BB determinations were carried out in all 50 cell lines. Elevated levels (>400 ng/mg) were detected in 49. The mean CK-BB level of SCLC cell lines was 6210 Â±619 ng/mg protein (range, 245 to 17555).
Influence of Therapy Status on the Expression of Biomarkers in SCLC Lines. Because SCLC tumors in relapsed, previ ously treated patients behave more aggressively than do tumors in newly diagnosed patients, we examined the impact of prior therapy on the biological properties of SCLC lines by comparing (Table 4 ). In contrast to non-SCLC (see below), both classes of cell lines express considerably elevated levels of CK-BB and NSE, the latter indicating their APUD relationship. Of interest, the majority of the variant cell lines had either type 3 or type 4 morphology in culture: NCI-H82, N177, H211, N417, H437, H524, and H526 (all type 3); and NCI-HI 96, H372, H360, and H446 (type 4). Thus, of the 13 cell lines belonging to the morphological classes types 3 and 4 (including NCI-H446), 10 lines (77%) belonged to the variant class of SCLC. In contrast, of all SCLC cell lines with either type 1 or 2 mor phology (37 cell lines), 33 cell lines (88%) were classic SCLC cell lines. Thus, based on gross morphological appearance, in most instances one can accurately define the phenotype (classic or variant) of the cell line in culture. As these appearances are observed within days of the onset of culture, it is possible to type the SCLC phenotype.
Biomarker Expression of Non-SCLC and Non-Lung Cell Lines. The expression of DDC, BLI, NSE, and CK-BB was evaluated in 17 non-SCLC cell lines, including 7 adenocarcinoma lines, 2 large cell lines, 3 squamous cell lines, 1 mixed squamousadenocarcinoma cell line, and 3 mesothelioma cell lines ( Table  5 ). All of these cell lines, in contrast to most SCLC cell lines, grow as adherent cell cultures. Sixteen of these 17 lines were established from patients who had not received cytotoxic ther apy, and have been maintained in continuous culture in serumsupplemented medium (RPM11640 supplemented with 10% heat inactivated FBS) for periods ranging from 6 to 72+ months. DDC was detected in 2 of 15 lines; BLI was detected in 0 of 9 lines; NSE (>100 ng/mg protein) was detected in 1 of 9 lines, and high CK-BB (>1000 ng/mg) was detected in 2 of 12 cell lines. In addition to the non-SCLC lines, DDC, BLI, and CK-BB expression was evaluated in a panel of 18 other human cell lines, including breast cancer, malignant T-cell lymphoma lines, ovarian cancer cell lines, malignant melanoma lines, B-lymphoblastoid cell lines, and a renal cell carcinoma cell line ( Table 6 ). As indicated, DDC or BLI was not detected in any of these lines. CK-BB was elevated in 2 of 14 lines, both breast cancer cell lines.
Comparison of Biomarker Expression among SCLC, Non-SCLC, and Non-Lung Cancer Cell Lines. The expression of DDC, BLI, NSE, and CK-BB among the groups of cell lines studied is shown in Table 7 . As indicated, elevated levels of CK-BB and NSE are present in 95 to 98% of cell lines of SCLC lineage, while DDC and BLI activity is detected in 70 to 75% of SCLC cell lines. In contrast, among non-SCLC cell lines, and among non-lung cancer lines, detection of any of these biomar kers is uncommon, occurring in less than 15% of the cell lines evaluated.
DISCUSSION
In this paper, the isolation, establishment, continuous growth, and characterization of multiple cell lines from patients with SCLC are described. The results of this study show: (a) using improved culture techniques, including serum-free defined medium, cell lines can now be established from 70 to 75% of all tumorcontaining specimens obtained from SCLC patients. These con tinuous cell lines can be established in serum-free defined HITES medium with an efficiency equal to or better than that observed using serum-supplemented medium, (b) Cell lines can be estab lished from a variety of metastatic sites, including bone marrow, lymph node, pleural effusions, liver, brain, and adrenal, in addition categories, classic SCLC cell lines which express elevated levels of all 4 markers, including DDC, BLI, NSE, and CK-BB, and variant SCLC cell lines which lack either the key APUD enzyme, DDC, and, in addition, fail to express the peptide hormone BLI, but continue to express elevated levels of NSE and CK-BB. Among 25 cell lines evaluated, an excellent correlation between the presence of elevated DDC, and DCG on electron microscopy examination was observed, (e) The pattern of biomarker expres sion by SCLC cell lines clearly distinguishes them from those of non-SCLC cell lines. In particular, all SCLC cell lines express elevated levels of NSE, which is usually undetectable (<100 ng/ mg protein) in non-SCLC lung cancer cell lines. In 18 other lines evaluated, expression of elevated levels of DDC, BLI, or CK-BB was rarely observed.
Among patients with lung cancer, SCLC accounts for 20 to 25% of the approximately 135,000 new cases which will be diagnosed this year in the United States (2). Because of differ ences both biologically (in particular, the propensity for early widespread mÃ©tastasesat diagnosis in most patients), and therapeutically (SCLC is highly sensitive to both chemotherapy and radioation therapy), the management of patients with SCLC is usually separated from patients with other forms of lung cancer (non-SCLC). The present work with our panel of SCLC cell lines confirms and extends the usefulness of the biomarkers DDC, BLI, NSE, and CK-BB in distinguishing SCLC from non-SCLC.
This work presents for the first time, the simultaneous analysis of all 4 markers in SCLC, and indicates the interrelationship of all markers to each other. These data provide for the following prospective clinical trials using the markers to type lung cancer specimens. First, to correlate the markers in a coded fashion with light microscopy and response to chemotherapy, so that they can be used to distinguish SCLC from non-SCLC cell lines. Second, to test if these are clinical differences between "classic" tumors expressing all 4 markers, with "variant" tumors which express some but not all of the markers. Finally, do the occa sional non-SCLC which express one or more of the markers have different clinical and therapy properties than non-SCLC without these markers? The ability to culture continuous SCLC cell lines from the majority of clinical specimens should greatly facilitate these studies. In addition, the improved growth rate of SCLC may now permit in vitro drug sensitivity studies to be determined on a much greater number of specimens, which, at the present time and using standard growth media, can only be carried out on 20 to 30% of tumor-containing specimens (24) .
The differences in the in vivo behavior of SCLC has prompted many investigators to attempt to culture and establish continu ous cell lines of this tumor in vitro. Oboshi ef al. (7) first reported on the establishment of a cell line of SCLC (OAT) from a metastatic lymph node biopsy. These cells grew as floating aggregates, and exhibited prominent DCG on electron micros copy examination. The initial growth of the cells was slow, and the first subculture was done 99 days after the initial plating. Once established, the doubling time of the cells was approxi mately 24 h. Ohara and Okamoto (8) , in 1977 reported on the cell lines of OAT-1975 which was established from a lung biopsy of a patient with SCLC. After a 5-month latent period, the line became attached as a monolayer culture with a doubling time of 24 h, and a plating efficiency of 60%. Although the cell line formed typical SCLC tumors in nude mice, DCG were not de monstrable on EM examination. In vitro radiation survival studies of this line revealeda D0of 88 rad, and an extrapolationvalue (n)of 10.6. Since these initial reports, several other investigators have reported on their success in the establishment of continuous SCLC cell lines Â¡n culture (3) (4) (5) (6) 9) . These reports, coupled with our initial reports of SCLC lines, demonstrate the considerable heterogeneity that exists among SCLC cell lines. In some reports, all SCLC lines grow as floating aggregates (3, 5, 6) , while in others, cell lines grow as both floating and attached monolayer cultures (9) .
Thus, while analysis of reports of previously described SCLC cell lines clearly indicates that considerable heterogeneity exists in lines of this tumor type, because of differences used in isolation techniques, culture conditions, and methods used to characterize lines, the frequency of the different phenotypes of SCLC cell lines cannot be determined from these studies.
In this study, a detailed analysis of 50 cell lines established in a single institution, from patients with histologically confirmed SCLC, and characterized in a uniform manner is presented. While the overall success rate in the establishment of SCLC cell lines has been greatly improved using defined media, with no major differences observed in either the rate of establishment or the characteristics of cell lines derived from different metastatic sites, it is clear that SCLC cell lines can exhibit major differences, both in their in vitro growth pattern and in their expression of a variety of biomarkers, including typical APUD cell markers.
While the majority of SCLC cell lines grow a floating aggregate of cells, in 3 instances (6%), cell lines were established as adherent monolayer culture, not unlike other non-SCLC lung cancer cell lines. Although it is possible that these 3 SCLC lines may represent the outgrowth from the initial biopsy of a second tumor type present, this appears unlikely. All 3 lines formed typical SCLC tumors of the intermediate cell type when inocu lated into athymic mice. In addition, and in contrast to non-SCLC lines, all 3 lines expressed elevated levels of both NSE (>100 ng/mg) and 2 of 3 CK-BB (>1000 ng/mg), markers which are much lower or absent in non-SCLC cell lines.
Of major interest in the biological properties of SCLC cell lines is the recognition that not all SCLC cell lines express all of the APUD cell characteristics (e.g., cell line NCI-N417; Table 4 ). In prior studies of a limited number of SCLC cell lines, all lines expressed elevated levels of DDC, and had DCG on EM (5). In addition, all lines exhibited formaldehyde-induced fluorescence, another feature of APUD cells. In this study, 15 lines (30%) lacked DDC, and 14 of those 15 lacked BLI. In addition, in 4 of these 15 variant lines tested, DCG were not evident on EM examination. Although the APUD enzyme NSE was elevated in these variant lines, levels were significantly less than those observed in the typical SCLC cell lines [see Gazdar ef a/. (25) ]. Most variant lines could be distinguished on their gross mor phology from classic cell lines. In addition, we and others have shown that variant lines, in contrast to classic lines, are radioresistant in vitro (6, 28) , are amplified for and have increased expression of the c-myc oncogene (25, 29) . These variant cell lines may clearly represent an important biological subset of SCLC tumors.
The evaluation of the 4 biomarkers DDC, BLI, NSE, and CK-BB in all lines derived from patients with SCLC, and in a variety of other human tumors can distinguish, in most instances, cell lines of SCLC lineage from those of non-SCLC origin. In all SCLC lines NSE was present and CK-BB concentrations were elevated.
In most SCLC lines, in addition, both DDC and BLI expression were elevated. Elevation of one or more of these markers was rarely observed in other human tumor cell lines. Among nonSCLCs, elevated levels of CK-BB were detected in a few lines. In addition, low concentrations of DDC or NSE were present in some lines. Mixed tumors of SCLC and non-SCLC are observed occasionally in biopsy specimens of lung cancer, suggesting that in some instances, tumors may be derived from a "stem" cell with capabilities of differentiation along several pathological path ways. Therefore, it is not surprising to find some SCLC markers elevated in some lines of non-SCLC. Other studies have dem onstrated the occasional occurrence of high concentrations of DDC in some non-SCLC lung tumors (12) . In addition, non-SCLC tumors may express other neuroendocrine properties such as peptide production and DCGs. While DDC concentrations in the positive non-SCLC lines reported herein were very low, much higher concentrations were present in 2 recently established non-SCLC cell lines.5
In conclusion, we have shown that SCLC cell lines can now be readily established from the majority of clinical tumor-contain ing specimens received. Lines can be established from a variety of sites, primary and metastatic, and can be established and continuously maintained in both serum-supplemented medium and in serum-free chemically defined medium. Established lines demonstrate heterogeneity in both gross morphological appear ance in culture, and in their expression of a panel of biomarkers. The presence or absence of these biomarkers in cells may imply important biological differences among these tumors. Because these differences, both morphologically and biochemically, exist among established SCLC lines, and because such differences may have important clinical implications, the complete biological characterization of established SCLC lines must be carried out before results of in vitro studies can be applied in clinical situa tions. The prospective evaluation of these biomarkers in fresh biopsy specimens of SCLC and their correlation with responses to cytotoxic therapy will indicate the chemical and prognostic implications of these markers. 
